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571 ~ ABSTRACT

A microwave monolithic integrated circuit (MMIC)
device includes a transistor and a capacitor respectively
formed on the same semiconductor substrate. The tran-
sistor has at least one high resistivity semiconductor
layer which forms a heterojunction with an activating
layer or the semiconductor substrate. The capacitor has
a dielectric layer formed by the high resistivity semi-

- conductor layer of the transistor.

20 Claims, 4 Drawing Sheets
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MICROWAVE MONOLITHIC INTEGRATED
CIRCUIT DEVICE

This is a continuation of co-pending application Ser.
No. 845,583, filed on 3/28/86, now abandoned.

BACKGROUND OF THE INVENTION

The present invention generally relates to microwave
monolithic integrated circuit devices (hereinafter sim-
ply referred to as MMIC devices), and more particu-
larly to an MMIC device which can be miniaturized and

produced by simple processes.

Conventionally, an MMIC device includes a transis-

tor and a capacitor for impedance matching. The capac-
itor includes a lower electrode layer, a dielectric layer
and an upper electrode layer which are successively
formed on a substrate. The transistor is formed on the
same substrate as the capacitor, but the transistor and
the capacitor are respectively formed by independent
processes. For this reason, problems result due to the
large number of processes required to produce the
MMIC device which are complex. On the other hand,
because it is difficult to accurately control the thickness
of the dielectric layer, it is difficult to accurately control
the capacitance of the capacitor.

Accordingly, in order to eliminate these problems, it
is possible to form a first comb-shaped electrode layer

and a second comb-shaped electrode layer on a sub-

strate so that end surfaces, that is, teeth, of the first and
second comb-shaped electrode layers mutually oppose
each other by a predetermined separation. In this case,
a capacitor is formed across a tooth of the first:comb-
shaped electrode layer and a corresponding tooth of the
second comb-shaped electrode layer, and the capaci-
tance of this capacitor can be controlled more accu-

rately compared to the three-layer capacitor previously

described. In addition, processes for forming a capaci-
tor of this type are simple compared to those for form-
ing a three-layer capacitor. However, in this case, the
area occupied by the capacitor becomes extremely
large, and it is impossible to miniaturize the MMIC
device. Furthermore, since the transistor and the capac-
itor of the MMIC device are respectively formed by
independent processes, it is impossible to simplify the
processes of producing the MMIC device.

On the other hand, a field-effect semiconductor de—
vice was previously proposed in a U.S. patent applica-
tion Ser. No. 508,545 filed June 28, 1983, in which the
assignee is the same as the assignee of the present appli-
cation. The previously proposed semiconductor device
includes a substrate having a through-hole, a through-
hole electrode formed within the through-hole and on
the lower surface of the substrate, a dielectric layer
formed on the upper surface of the substrate at a posi-
tion where the through-hole electrode is exposed, a
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source electrode layer formed on the dielectric layer,

and a gate electrode layer and a drain electrode layer
are respectively formed on the substrate. A capacitor 1s
formed across the source electrode layer and the
through-hole electrode. According to this previously
proposed semiconductor device, the dielectric layer 1s
first formed on the upper surface of the substrate, and
the through-hole is formed by an etching process using
a reactive gas that stops the etching from the lower

surface of the substrate at the dielectric layer. Then, the

dielectric layer is patterned by an etching process in
accordance with a desired capacitance, and the source
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electrode layer is formed on the patterned dielectric
layer. Hence, in addition to processes for forming a
field-effect transistor (FET) on the substrate, it is neces-
sary to perform additional processes for forming the
capacitor, such as processes for forming the dielectric
layer which is not required by the FET and patterning
the dielectric layer by etching. As a result, it is impossi-
ble to effectively simplify the processes of producing
the semiconductor device. Moreover, when the dielec-

tric layer is patterned by the etching, there is a problem
in that surfaces of remaining parts on the substrate, e.g.,

the FET, are damaged by etching.

SUMMARY OF THE INVENTION

Accordingly, it is a general object of the present
invention to provide a novel and useful MMIC device
in which the problems described heretofore are ehimi-
nated.

Another and more specific object of the present in-
vention is to provide an MMIC device which comprises
a transistor having at least one high resistivity semicon-
ductor layer which forms a heterojunction with an
activating layer or a semiconductor substrate, and a
capacitor formed on the same semiconductor substrate
as the transistor and having a dielectric layer thereof
formed by the high resistivity semiconductor layer of
the transistor. According to the MMIC device of the
present invention, it is unnecessary to perform addi-

tional steps exclusively for forming the capacitor be-

cause the high resistivity semiconductor layer of the
transistor having the heterojunction is used as the di-
electric layer of the capacitor, and the MMIC device
has a planar structure. For this reason, the processes of
producing the MMIC device can be simplified. In addi-
tion, since the size of the capacitor can be reduced, it is
possible to effectively miniaturize the MMIC device as
a whole. Furthermore, the thickness of the high resistiv-
ity semiconductor layer can be accurately controlled by
use of molecular beam epitaxy (MBE), for example, and
it is possible to accurately control the capacitance of the
capacitor.

Other objects and further features of the present in-
vention will be apparent from the following detailed
description when read in conjunction with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a cross-sectional view of a capacitor portion
a conventional MMIC device;
FIG. 2 is a plan view of a capacitor portion of another

conventional MMIC device;
FIG. 3 is a cross-sectional view of the conventional

MMIC device along a line IHII—III in FIG. 2;

FIG. 4 is a plan view of a first embodiment of the
MMIC device according to the present invention;

FIG. § is a cross-sectional view of the MMIC dewce
along a line V—V in FIG. 4; and

FIG. 6 is a cross-sectional view of a second embodi-

ment of an MMIC device according to the present in-
vention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1is a cross-sectional view a capacitor portion of
an example of a conventional MMIC device. A lower
electrode layer 12, a dielectric layer 13 and an upper
electrode layer 14 are successively formed on a sub-
strate 11. A capacitor is formed by the dielectric layer
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13 formed between the upper and lower electrode lay-
ers 14 and 12. A transistor (not shown) is also formed on
the substrate 11, but the transistor and the capacitor are
respectively formed by independent processes. In other
words, In addition to the processes for forming the
transistor, it is necessary to perform additional pro-
cesses, e.g. forming a SiO; layer as the dielectric layer
13, for forming the capacitor. For this reason, a large
number of processes are required to produce the MMIC
device and the processes are complex. On the other
hand, because it is difficult to accurately control the
thickness of the dielectric layer 13, it is difficult to accu-
rately control the capacitance of the capacitor.

For convenience, in FIG. 1 and the drawings which
will be described hereinafter, the thickness of the sub-
strate is shown on a smaller scale compared to the thick-
ness of other layers

FIG. 215 a plan view of a capacitor portmn in another
example of a conventional MMIC device, and FIG. 3 is
a cross-sectional view of the conventional MMIC de-
vice along a line ITII—III in FIG. 2. In FIGS. 2and 3, a
first comb-shaped electrode layer 15 and a second
comb-shaped electrode layer 16 are formed on the sub-
strate 11 so that end surfaces, that is, teeth, of the first
and second comb-shaped electrode layers 15 and 16
mutually oppose each other having a predetermined
separation therebetween. In this case, a capacitor is
formed across a tooth of the first comb-shaped elec-
trode layer 15 and a corresponding tooth of the second
comb-shaped electrode layer 16 as indicated by Ca in
FIG. 3, and the capacitance of this capacitor can be
controlled more accurately compared to the three-layer
capacitor shown in FIG. 1. In addition, processes for
forming the capacitor itself are simple compared to
those of the three-layer capacitor shown in FIG. 3.
However, in this case, the area occupied by the capaci-
tor becomes extremely large, and it is impossible to
miniaturize the MMIC device. Furthermore, although a
transistor (not shown) is also formed on the substrate 11,
the transistor and the capacitor of the MMIC device are
respectively formed by independent processes. Thus, as
in the case of MMIC device shown in FIG. 1, a large
number of processes are required to produce the MMIC
device and the processes are complex.

Accordingly, the MMIC device according to the

present invention comprises a transistor having at least
one high resistivity semiconductor layer which forms a
heterojunction with an activating layer or a semicon-
ductor substrate, and a capacitor is formed on the same
semiconductor substrate as the transistor and has a di-
electric layer formed by the high resistivity semicon-
ductor layer of the transistor. Thus the problems of the
conventional MMIC devices are eliminated.
« FIG. 4 is a plan view of a first embodiment of an
MMIC device according to the present invention. In
FIG. 4, a source electrode, a drain electrode and a gate
electrode of a heterojunction field-effect transistor
(hereinafter simply referred to as an HFET) are respec-
tively denoted by S, D and G. Electrodes 20 and 25 are
upper electrodes of capacitors, and through-holes 21
and 26 are indicated by a dot-dash line. The drain elec-
trode D and the electrode 20 are connected via a lead
wire 23. Portions on the outer side of regions 22 and 27
indicated by phantom lines (dashed lines) are implanted
with for example oxygen ions, so as to form a high
resistivity separation region.

FIG. § is a cross-sectional view of the MMIC device
along a line V—V in FIG. 4. In FIG. 5, those parts
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which are the same as those in FIG. 4 are designated by
the same reference numerals, and description thereof
will be omitted. In FIG. 5, the MMIC device generally
comprises a semiconductor substrate 31 made of GaAs
or the like, a high resistivity dielectric layer 32 made of
intrinsic AlGaAs or the like and having a thickness on
the order of few thousand A, a high resistivity dielectric
layer 33 as a channel layer made of intrinsic GaAs or
the like and having a thickness on the order of a few
thousand A and an electron supplying layer 34 made of
n-type AlGaAs or the like. A through-hole 21 is formed
in the substrate 31, and an electrode 36 which forms a
lower electrode of the capacitor is formed on the lower
surface of the substrate 31 and within the through-hole
21. The gate electrode G is formed within a recess 37.
An insulating separation region 38 is formed around a
capacitor region in which capacitors C1 and C2 are
formed. The insulating separation regions 38 surround-
ing the capacitor region and the HFET region are
formed by implanting oxygen ions which have a high
resistivity into the layers 34, 33 and 32 and the substrate
31.

The through-hole 21 is formed by a dry etching pro-
cess which is performed on the lower surface of the
GaAs substrate 31 by using, for example CCI;F; as an
etchant, example. In this case, since the etching rate of
the intrinsic AlGaAs high resistivity layer 32 is ex-
tremely lower compared to that of the GaAs substrate
31, the dry etching is accurately stopped at the intrinsic
AlGaAs high resistivity dielectric layer 32, that is, at
the heterojunction between a spacer layer and the sub-
strate. The electrode 36 is formed within the through-
hole 21 and on the lower surface of the GaAs substrate
31 by depositing a metal material employing for exam-
ple, a vapor deposition or sputtering process.

As may be seen from FIG. 5, the capacitor C1 uses
the high resistivity dielectric layer 33 layer of the
HFET as a dielectric layer thereof, and the capacitor
C2 uses the high resistivity dielectric layer 32 of the
HFET as a dielectric layer thereof. Accordingly, it is
unnecessary to perform additional processes other than
the processes required to form the HFET. That is, it is
unnecessary to perform processes exclusively for form-
ing the capacitors C1 and C2 such as forming the dielec-
tric layers of the capacitors C1 and C2. Furthermore,
the MMIC device has a planar structure. As a result, the
processes of producing the MMIC device can be simpli-
fied compared to conventional devices. In addition, it is
possible to effectively miniaturize the MMIC device as
a whole because the size of the capacitors C1 and C2
can be reduced.

The capacitances of the capacitors C1 and C2 are
determined by the dielectric constants of the respective
high resistivity dielectric layers 33 and 32, the thick-
nesses of the respective high resistivity dielectric layers
33 and 32, and the areas at respective junctions between
the dielectric layers and the capacitor electrodes. When
the high resistivity dielectric layers 32 and 33 are re-
spectively formed by molecular beam epitaxy (MBE), it
1S possible to control the thicknesses of these layers 32
and 33 with an extremely high accuracy, and the capaci-
tances of the capacitors C2 and C1 can thus be con-
trolled with an extremely high accuracy.

For example, in the case where the areas at the re-
spective junctions between the dielectric layers of the
capacitors C1 and C2 and the capacitor electrodes are
both equal to 100 um< and the thicknesses of the dielec-
tric layers are both equal to 1000 A, the capacitance Cr
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of the capacitors C1 and 2 as a whole can be described
by the following.

8.854 X 10—14 % 12.5 X (100 X 10—%H2/(02 x 10—%
5.5 pF

Cr

In this case, the capacitance Cris suited for an MMIC

device which is used in a device having a frequency in

the range of 30 GHz.
In the first embodiment described heretofore, the

high resistivity dielectric layers of the HFET, 1i.e. the
channel layer 33 and the spacer layer 32 are used as the
dielectric layers of the capacitor. However, the transis-
tor which is formed on the same substrate as the capaci-
tor is not limited to an HFET.

Next, a description is provided with respect to a sec-
ond embodiment of an MMIC device according to the
present invention, by referring to FIG. 6. FIG. 6 is a
cross-sectional view, similar to FIG. 5, of the second
embodiment of an MMIC device according to the sec-
ond invention. In the present embodiment, a capacitor is
formed on the same substrate as a heterojunction bipo-
lar transistor (hereinafter simply referred to as an HBT).
The MMIC device generally comprises a semiconduc-
tor substrate 41 which is made of GaAs or the like and
has a thickness on the order of 20 pum, a high resistivity
dielectric layer 42 as a spacer layer which is made of
intrinsic A1GaAs or the like and has a thickness in the
range of 0.1 to 1.0 um, a subcollector layer 43 which is
made of n+-type GaAs or the like and has a thickness
on the order of 1.0 um, a collector layer 44 which is
made of m-type GaAs or the like and has a thickness on
the order of 0.3 um, a base layer 45 which is made of
p-type GaAs or the like and has a thickness on the order
of 0.1 um and an emitter layer 46 which is made of
n-type AlGaAs or the like and has a thickness on the
order of 0.2 um. A through-hole 48 is formed in the
substrate 41, and an electrode 49 which forms a lower
electrode of a capacitor is formed within the through-
hole 48 and on the lower surface of the substrate 41.

A base electrode B and a collector electrode C of the
HBT and an electrode 50 which forms an upper elec-
trode of the capacitor are respectively formed on the
upper surface of the substrate 41. A contact layer 31,
which is made of n+-type GaAs or the like and has a
thickness on the order of 0.2 um, is formed on the emit-
ter layer 46, and an emitter electrode E of the HBT is
formed on the contact layer 51. As in the case of the
first embodiment described above, an insulating separa-
tion region 53 surrounds an HBT region and a capacitor
region in which a capacitor C3 is formed. The insulating
separation region 53 is formed by implanting oxygen
ions having a high resistivity into the layers 46, 45, 44,
43 and 42 and the substrate 41. A pt-type region 395 is
formed under each of the base electrodes B, and the
pt-type region 55 is formed by implanting p-type impu-
rity ions into the layers 46, 45 and 44. An n*-type re-
gion 56 is formed under the collector electrode C, and
an n+-type region 57 is formed under the electrode 50.
The n+-type regions 56 and 57 are respectively formed
by implanting n-type impurity ions into the layers 46,
45, 44 and 43. For example, the layers 43 through 46 are
respectively doped with appropriate ions at concentra-
tions of 6X1018/cm3, 1X1017/cm3, 1X1018/cm3,
5% 1017/cm3 and 6 X 1018/cm3.

In the present embodiment, the capacitor C3 uses the
high resistivity dielectric layer 42 of the spacer layer of
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the HBT as a dielectric layer thereof. Accordingly, it 1s
unnecessary to perform additional processes other than
the processes required to form the HBT. That is, it is
unnecessary to perform processes exclusively for form-
ing the capacitor C3 such as forming the dielectric layer
of the capacitor C3. As a resuit, it is possible to obtain
effects similar to those obtainable 1n the first embodi-
ment described above.

According to the present invention, the MMIC de-
vice comprises a transistor having at least one high

resistivity semiconductor layer which forms a hetero-

junction with an activating layer or a semiconductor
substrate, and a capacitor formed on the same semicon-
ductor substrate as the transistor and having a dielectric
layer thereof formed by the high resistivity semicon-
ductor layer of the transistor. Hence, it is unnecessary
to perform additional processes exclusively for forming
the capacitor. In addition the MMIC device has a planar
structure. Therefore, the processes of producing the
MMIC device are simple. Furthermore, because the
size of the capacitor can be reduced, it 1s possible to
effectively miniaturize the MMIC device as a whole.
When the high resistivity semiconductor layer of the
transistor is formed for example by molecular beam
epitaxy (MBE), it is possible to control the capacitance
of the capacitor with an extremely high accuracy.

- Further, the present invention is not limited to these
embodiments, but various variations and modifications
may be made without departing from the scope of the
present invention.

What is claimed is:

1. A microwave monolithic integrated circuit device
comprising:

a semiconductor substrate having a through-hole

formed therein;

a transistor having at least one high resistivity semi-
conductor layer forming a heterojunction with said
semiconductor substrate;

a capacitor including said high resistivity semicon-
ductor layer of said transistor;

first and second electrodes formed on Opposne sides
of said capacitor, said first electrode formed on a
lower surface of said semiconductor substrate and
within said through-hole;

a plurality of semiconductor layers formed on said
semiconductor substrate and including said high
resistivity semiconductor layer; and

an insulating separation region surrounding said ca-
pacitor, said insulating separation region having a
high resistivity and being in contact with said first
and second electrodes.

2. A microwave monolithic integrated circuit device
as claimed in claim 1, wherein said second electrode is
an electrode of said transistor.

3. A microwave monolithic integrated circuit device
as claimed in claim 1, wherein said second electrode 1s
electrically coupled to said high resistivity semiconduc-
tor layer via at least one of said plurality of semlconduc-
tor layers

4. A microwave monolithic integrated circuit device
as claimed in claim 1, wherein said semiconductor sub-
strate comprises GaAs, and wherein said high resistivity
semiconductor layer comprises intrinsic AlGaAs.

5. A microwave substrate having a lower surface and
an upper surface, and having a through-hole formed in
said lower surface;
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a plurality of semiconductor layers formed on said
semiconductor substrate and including an active
layer;

a transistor having at least one high resistivity semi-
conductor layer, formed on said semiconductor
substrate, for forming a heterojunction with said
active layer;

a capacitor, including a high resistivity semiconduc-
tor layer of said transistor;

first and second electrodes formed on said lower and
upper surfaces, respectively, of said semiconductor
substrate and having a predetermined capacitance
between said first and second electrodes, said first
electrode formed within said through-hole;

an insulating separation region surrounding said ca-
pacitor and having a high resistivity, said insulating
separation region contacting said first and second
electrodes.

6. A microwave monolithic integrated circuit device
as claimed in claim 5, wherein said transistor is a hetero-
junction bipolar transistor comprising:

a spacer layer corresponding to said resistivity semi-

conductor layer;

a collector layer formed on said spacer layer;

a base layer formed on said collector layer; and

an emitter layer formed on said base layer.

7. A microwave monolithic integrated circuit device
as claimed in claim 5, wherein said transistor is a hetero-
junction field-effect transistor comprising:

a spacer layer formed on said semiconductor sub-

strate;

a channel layer formed on said spacer layer; and

an electron supply layer formed on said channel
layer, said spacer layer and said channel layer com-
prising said high resistivity semiconductor layer.

8. A microwave monolithic integrated circuit device
as claimed in claim §, wherein said second electrode in
said capacitor region is electrically connected to said
high resistivity semiconductor layer by said plurality of
semiconductor layers.

9. A microwave monolithic integrated circuit device
as claimed in claim 5, wherein said transistor is a hetero-
junction field-effect transistor, and wherein said second
electrode forms a drain electrode of said heterojunction
field-effect transistor.

10. A microwave monolithic integrated circuit device
as claimed in claim §, wherein said semiconductor sub-
strate comprises GaAs, and wherein said high resistivity
semiconductor layer comprises intrinsic GaAs.

11. A microwave monolithic integrated circuit device
comprising:

a semiconductor substrate having a through-hole
formed therein and having an upper surface and a
lower surface; .

a high resistivity semiconductor layer forming a
heterojunction with said upper surface of said semi-
conductor substrate;

a transistor having a semiconductor active layer
formed on said high resistivity semiconductor
layer:;

an insulating separation region surrounding a portion
of saild high resistivity semiconductor layer;

a first capacitor electrode formed on said semicon-
ductor active layer over said portion of said high
resistivity semiconductor layer and being in
contact with said insulating separation region; and

a second capacitor electrode formed on a surface of
said portion of said high resistivity semiconductor
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layer in said through-hole, said second capacitor
electrode being formed within said through-hole
and being in contact with said insulating separation
region, said first and second capacitor electrodes
and said portion of said high resistivity semicon-
ductor layer surrounded by said insulating separa-
tion region forming a capacitor.

12. A microwave monolithic integrated circuit device:
as claimed in claim 11, wherein said first capacitor elec-
trode extends to an electrode of said transistor.

13. A microwave monolithic integrated circuit device
as claimed in claim 12, wherein said first capacitor elec-
trode is electrically coupled to said semiconductor ac-
tive layer. |

14. A microwave monolithic integrated circuit device
as claimed in claim 13, wherein a portion of said semi-
conductor active layer under said first capacitor elec-
trode includes impurity ions.

15. A microwave monolithic integrated circuit device
as claimed in claim 11, wherein said second capacitor
electrode extends to said lower surface of said semicon-
ductor substrate.

16. A microwave monolithic integrated circuit device

. comprising:

a semiconductor substrate having a through-hole
formed therein;

a high resistivity semiconductor layer formed on said
semiconductor substrate and forming a heterojunc-
tion with said semiconductor substrate:

a semiconductor active layer formed on said high
resistivity semiconductor layer and forming a
heterojunction with said high resistivity semicon-
ductor layer;

a transistor including at least a first portion of said
semiconductor active layer formed on a first por-
tion of said high resistivity semiconductor layer;

an insulating separation region surrounding a second
portion of said high resistivity semiconductor layer
and a second portion of said semiconductor active
layer formed thereon, said second portion of said
semiconductor active layer being different from
first portion of said semiconductor active layer;

a first capacitor electrode formed on said second
portion of said semiconductor active layer and
contacting said insulating separation region; and

a second capacitor electrode formed on said second
portion of said high resistivity semiconductor layer
in said through-hole, said second capacitor elec-
trode being formed within said through-hole and
contacting said insulating separation region, a ca-
pacitor being formed by said first and second ca-
pacitor electrodes and said high resistivity semi-
conductor layer.

17. A microwave monolithic integrated circuit device
as claimed in claim 16, wherein said first capacitor elec-
trode is electrically coupled to said second portion of
sald semiconductor active layer.

18. A microwave monolithic integrated circuit device
as claimed in claim 16, wherein said transistor is a
heterojunction field-effect transistor, and wherein said
first capacitor electrode forms a drain electrode of said
heterojunction field-effect transistor. |

19. A microwave monolithic integrated circuit de-
vice, comprising:

a substrate having first and second surfaces and hav-

ing a through-hole formed therein;

a spacer layer formed on said substrate and over said
through-hole, said spacer layer being an intrinsic



%
semiconductor layer forming a heterojunction with
said substrate;

a channel layer formed on said spacer layer, said
channel layer being an intrinsic semiconductor
layer;

an electron supplying layer formed on said channel
layer;

a gate electrode formed on said electron supplying

- layer for forming a transistor;

an insulating separation region surrounding said
spacer layer, said channel layer and said electron
supplying layer at a different region from said gate
electrode, said insulating separating region con-
tacting said through-hole;

a first capacitor electrode formed on said electron
supplying layer surrounded by said insulating sepa-
rating region and on said insulating separating re-
gion; and

a second capacitor electrode formed on said spacer
layer surrounded by said insulating separating re-
gion and on said insulating separating region, said
second capacitor electrode being formed within
said through-hole.

20. A microwave monolithic integrated circuit de-

vice, comprising:
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a substrate having first and second surfaces and hav-
ing a through-hole formed therein;

a spacer layer formed on the second surface of said
substrate, said spacer layer being an intrinsic semi-
conductor layer forming a heterojunction with said
subsirate;

a first layer forming a collector layer formed on said
spacer layer;

- a second layer forming a base layer formed on said

first layer;

a third layer forming an emitter layer formed on said
second layer;

an emitter electrode formed on said emitter layer;

an insulating separating region surrounding said
spacer layer, first layer, second layer, and third
layer at a portion different from where said emitter
electrode is formed, said insulating separating re--
gion being in contact with said through-hole; |

a first capacitor electrode formed on said first layer
surrounded by said insulating separating region and
on said insulating separating region; and

a second capacitor electrode formed on said spacer
layer surrounded by said insulating separation re-
gion and formed in and on said insulating separat-
ing region, said second capacitor electrode being
formed within said through-hole.

-

L .
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